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Taxonomic keyCultures of soil sediments collected in June 2012 from saltpans and vleis from ﬁve South African localities have
revealed two new, geographically distant, populations of the endemic Riella alatospora, conﬁrmed the presence
of Riella purpureospora from Blouvlei in the Cape Town area and uncovered a new endemic species, Riella
trigonospora. The new species obtained from cultures from ﬁve sampled localities is described and illustrated.
It is dioicous and characterised by acuminate to rostrate, papillose involucres and by a unique sporemorphology.
The spores are dark purple, as in R. purpureospora, and have an irregular discontinuous wing at the equatorial
plane, which suggests a morphological afﬁnity to R. alatospora. The spores possess a combination of characters
that are unique among extant species of Riella, including the triangular spore body with concave sides, a discon-
tinuous equatorial wing, and short blunt spines on the distal face and the expanded parts of thewing at the spore
angles. Such peculiar spore morphology is to some extent similar to Heerisporites variabilis, a sporomorph from
Upper Miocene deposits of Switzerland and suggests links to Riellaceae from the Mediterranean basin. A lecto-
type is designated for R. purpureospora and a newdescription and illustration, incorporating additional characters
derived from the cultured plants, are also presented, together with an identiﬁcation key to the South African
species of Riella.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
RiellaMont. (Riellaceae, Sphaerocarpales), a small genus of thallose
liverworts, is morphologically and ecologically unique; the growing
plants are submerged as ephemerals in seasonally ﬂooded ponds of
fresh and brackish water (known as vleis in South Africa). It includes
both monoicous and dioicous species and, as characteristic to the
Sphaerocarpales, the sporophytes are enclosed by involucres. The
involucres are morphologically variable, but provide the few taxonom-
ically informative gametophytic characters. They have been used to
establish the systematic arrangement of species into two subgenera
(Porsild, 1902) depending on whether the involucres are smooth or
papillose (subgenus Riella) or winged (subgenus Trabutiella Porsild).
Nonetheless, themost taxonomically informative characters are derived
from the morphology of the mature spores, which are essential for thebre Desertiﬁcación (CIDE-CSIC-
tado Oﬁcial, E-46113 Moncada,
60.
Moragues), m.f.puche@uv.es
ghts reserved.reliable identiﬁcation of the species (Perold, 2000; Segarra-Moragues
et al., 2014).
Species of Riella occurworldwide in areas of Mediterranean or semi-
arid climate types. The populations are usually demographically ﬂuctu-
ant, with some years experiencing sudden demographic blooms and
others a complete absence. This is because of a strong dependence on
the nature of the ﬂooding season. This is especially true for halophilous
species in which spore germination has been shown to be inhibited by
too high salinity levels (Marín-Velázquez, 1982; Martinez et al., 2014).
Thus, in these habitats populations of Riella occur only in exceptionally
rainy years, surviving unfavourable periods as spores, that are strongly
resistant to drought and may remain viable for decades. This makes
ﬁnding populations in the wild somewhat difﬁcult. However, species
of Riella have proved to be easily cultured in the laboratory from soil
samples collected from suitable sites (Marín-Velázquez, 1982;
Segarra-Moragues et al., 2012a,b; Puche and Segarra-Moragues, 2013),
and have sometimes appeared accidentally in cultures aimed at study-
ing other aquatic organisms (Porsild, 1902; Cavers, 1903; Hässel de
Menéndez, 1979; Martinez et al., 2014).
The genus Riella has been so far represented in southern Africa by
ﬁve species (Perold, 2000; Wigginton, 2009). Riella alatospora
Wigglesworth, Riella capensis Cavers, Riella echinosporaWigglesworth,
and Riella purpureosporaWigglesworth are dioicous, southern African
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Riella afﬁnis M. Howe & Underw. (subgenus Trabutiella) has a wider
but disjunct distribution in the Old World (Segarra-Moragues et al.,
2012a, 2014). An additional species was incompletely described by
Wigglesworth (1937) under the heading “Riella sp. from Valkenberg
vlei”, the few available plants originating from soil samples that were
collected for the study of algae (Yamanouchi, 1913). The plants have
smooth female involucres, as do the other four previously known
southern African Riella species, but since the plants had no ripe
spores, it is unclear whether the specimens from Valkenberg vlei
belong to any of those species or represent an additional species.
No further cultures have been attempted from this locality and
thus the identity of the plants remains unclear. Of the ﬁve known
species, only R. purpureospora and R. alatospora have been collected
in recent times (Harding et al., 2000; Segarra-Moragues et al.,
2012b), in the Cape Town area and Cape Agulhas, respectively. A
population of R. capensis was reported from Rocher pan (west coast
of South Africa) by Coetzer (1987) a population nearly 700 km
distant from its original locality at Port Elizabeth (Cavers, 1903).
However, the specimens from this locality have not been traced
and the report requires veriﬁcation (Perold, 2000).
In order to further the study of the distribution of species of Riella in
South Africa, sediments from different salt pans and temporary pools
were collected by Dr. F. Ojeda (Univ. Cádiz, Spain) in June 2012 and
sent to the authors. Cultures of the sediments were all successful and
revealed the presence of R. purpureospora at Century City where it had
been reported once (Harding et al., 2000), and of R. alatospora in
two other vleis. Cultures of sediments from all sampled sites also
rendered plants of an unknown species of Riella that possessed a unique
combination of gametophytic and spore characters. The present paper
provides a description of these plants and compares their morphology
to related South African species and to fossil records. An identiﬁcation
key to South African species of Riella is also provided.
2. Material and methods
About 0.5 kg of dried sediments was collected from several points in
four salt pans in the Cape Agulhas area, and fromBlouvlei (Century City)
near Cape Town. These collections included the upper 5 cm depth of
soil. Collection points in dried pans were located just a few metres
from the shoreline and where visible dried debris of plants and algae
had accumulated, whereas in ﬂooded pans sediments were collected
in the shoreline. Sediments were air-dried and then kept in zip-lock
plastic bags in the laboratory at room temperature until the cultures
were started. Culture methods followed Segarra-Moragues et al.
(2012b). They were started on 5 December 2012 and were inspected
periodically every week for the occurrence and growth of the Riella
plants. Mature plants with visible mature antheridia or sporophytes
were then collected for examination.
Plantmaterialswere studied under Optical (OM, Fig. 1) and Scanning
Electron Microscopy (SEM, Fig. 2). OM measurements of vegetative
and spore characters were obtained using a Leica DMLB 100S light
microscope, and the interactive measurement module of Leica Applica-
tion Suite (LAS) v. 3.8 (Leica microsystems, Barcelona, Spain) on digital
images obtainedwith aDFC425digital camera (Leica). For SEManalyses,
mature spores were mounted directly on stubs using double-sided
adhesive tape and coated with gold/palladium on a BIORAD SC-500
ion sputtering coater. Morphological observations were carried out in
a Hitachi S-4100 ﬁeld emission SEM at the University of Valencia
(SCSIE-UV). The software Quantax 200 Esprit 1.8.2 (Bruker AXS) was
used to measure microsculpturing traits of spores from digital images.
Nomenclature of spore characters follows those of Perold (2000) and
Segarra-Moragues et al. (2014).
Morphological characteristics of the Riella specimens obtained from
laboratory cultures were compared with herbarium specimens of South
African species of Riella available at MANCH, S and VAL (Herbariumcodes followed those of Thiers, 2014), both to conﬁrm the identity and
consistency of the distinctive morphological traits in the cultures.
3. Results
All cultures from the ﬁve different localities rendered plants of Riella.
Cultures of sediment from Century City rendered a high density of
plants. The ﬁrst sporelings appeared in early February 2013, just two
months after the ﬂooding of the sediments with distilled water. At this
stage plants could not be assigned to a particular species, given the
overall similarity across species of juvenile plants of Riella. Gametophyte
development continued during the following month until the ﬁrst
reproductive organs were visible. Male and female plants were ob-
served, andmales were the ﬁrst to reachmaturity, indicating a dioicous
species. One week later, female plants began to develop sporophytes.
Conspicuous differences were observed in involucre morphology
among individuals in cultures from Century City and in two cultures
from the Cape Agulhas area, suggesting the coexistence of different spe-
cies. This was conﬁrmed by May 2013 when ripe spores were available
for examination. The spores of these individuals were compared to
original materials of South African species at S, MANCH, and VAL.
Some of the specimens from Blouvlei had smooth, spherical, apicu-
late involucres and reticulate, dark red, spinose spores (Figs. 1A, D, G,
J, 2A, D, G, J), matching the original description of R. purpureospora by
Wigglesworth (1937), and subsequent revisions by Proskauer (1955)
and Perold (2000). A description of R. purpureospora incorporating
characters derived from the cultured specimens is provided below,
and illustrated in detail (Fig. 3). Specimens showing ovoid involucres
and orange–brown winged spores (Figs. 1B, E, H, K, 2B, E, H, N)
matching the description of R. alatospora, were also obtained from
cultures from Blouvlei and two salt pans from Cape Agulhas area (see
specimens examined below). One of these corresponded to the same lo-
calitywhere this species had been recently reported (Segarra-Moragues
et al., 2012b), but those from Soutpan (Cape Agulhas), and Century City
represent two new localities for this species.
Unexpectedly, specimens of a third species were obtained from
cultures from all ﬁve studied localities (Figs. 4, 5C). Female plants of
this dioicous species had papillose, acuminate involucres (Fig. 1C, F)
and dark purple spores with a unique triangular shape, short tubercular
ornamentation that covered the distal face and the expanded parts at
the spore edges (Figs. 1I, L, 2C, F, I, L). This combination ofmorphological
characters is unique and unmatched in any described species of Riella
from Southern Africa or elsewhere. It supports the designation of a
new species, Riella trigonospora.
4. Discussion
4.1. State of knowledge of populations of three South African
species of Riella
Our study has revealed two new, geographically distant localities for
the South African endemic R. alatospora (Fig. 5A). One of these is located
in Soutpan, a brackish water temporary vlei near the Cape Agulhas
National Park, 4.5 km north from a salt pan where the species was
recently discovered (Segarra-Moragues et al., 2012b). The other one
occurs at Blouvlei (Century City) in the Cape Town area. This third
locality is geographically close to the type locality of the species at Salt
River, where it is thought to have become extinct because of urban hab-
itat transformation (Fig. 5A). Our ﬁnding conﬁrms that this species is
still present on Cape Flats, where it was found in 1932 (Wigglesworth,
1937) and shows that efforts devoted to wetland habitat restoration at
Blouvlei (Harding et al., 2000) have indirectly favoured its persistence
in the increasingly urbanised Cape Town area.
Cultures of sediments from Blouvlei also rendered abundant plants
of R. purpureospora (Fig. 4D). This species was found at Blouvlei in
1998 and 1999, soon after the environmental rehabilitation of the vlei
Fig. 1. Lightmicroscopy photographs of female involucres and spores from Riella purpureospora (A, D, G, J), R. alatospora (B, E, H, K) and R. trigonospora (C, F, I, L). (A, B, C) female involucres;
(D, E, F) detail of apices of female involucres; (G,H, I) distal face of spores; (J, K, L) proximal face of spores. Vouchers: A, D,G,Ojeda subVAL-Briof. 9991 (VAL); B, E, Segarra-Moragues s.n. sub
VAL-Briof. 9196 (VAL); C, F,Ojeda subVAL-Briof. 9994 (VAL); H,Ojeda subVAL-Briof. 9993 (VAL); I,Ojeda subVAL-Briof. 9995 (VAL); J,Cholnoky s.n. sub Krypto-S B177489 (S); andKOjeda
sub VAL-Briof. 9992 (VAL); L, Ojeda sub VAL-Briof. 9997 (VAL).
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have beenmade in the subsequent decade after its discovery at Blouvlei.
Its presence in the Cape ﬂats is similarly supported by few historicalcollections (see material studied of this species, Fig. 5B). However, our
cultures show that viable spores exist in the soil bank, suggesting that
the Blouvlei population may yet develop in favourable years. This
Fig. 2. SEMmicrographs of spores from Riella purpureospora (A, D, G, J, M), R. alatospora (B, E, H, K, N) and R. trigonospora (C, F, I, L, O). (A, B, C) distal face; (D, E, F) proximal face; (G, H, I)
detail of spore angles on distal face; (J, K, L) detail of spines on distal face; (M, N, O) detail of proximal face. Vouchers: A, G, M, Garside, sub Krypto-S B177488 (S); D, J, Stephens s.n. sub.
comp. cat. 1631 (MANCH); B, E, H, K, N, Segarra-Moragues s.n. sub VAL-Briof. 9196 (VAL); and C, F, I, L, O, Ojeda s.n. sub VAL-Briof.9994 (VAL).
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is therefore essential that the habitat is conserved there.
Our culture experiments revealed a third species, R. trigonospora,
which is described herein. This was found to be the most widespread
species, occurring in all ﬁve sampled localities (Fig. 5C). Although
unexpected, this ﬁnding is readily explained by the ephemeral and
sporadic nature of Riella populations and their strong dependence on
particular climatic conditions for their appearance. Accidental ﬁndings
have occurred many times in the history of studies of Riella, and in
geographically separate areas of the world (Porsild, 1902; Cavers,
1903; Hässel de Menéndez, 1979; Segarra-Moragues et al., 2012b;
Puche and Segarra-Moragues, 2013; Martinez et al., 2014). The culture
of sediments is, therefore, a valuable technique for revealing unnoticedpopulations of Riella, and can contribute signiﬁcantly to our knowledge
of species distributions and diversity (Segarra-Moragues et al., 2012a).
The occurrence of R. trigonospora could easily have passed undetect-
ed in the Cape Agulhas area, since large extensions of suitable habitats
exist there and have not been systematically explored for populations
of Riella. However, it was not detected in the Cape Town area at Blouvlei
when the R. purpureospora population was ﬁrst discovered (Harding
et al., 2000), and neither was the R. alatospora population reported in
this study. This could be due to later dispersal, assisted by wading
aquatic birds, after a suitable habitat was re-established at Blouvlei,
but also to the fact that both species could have been overlooked
when R. purpureospora was sampled. The later reason is plausible
given the overall similarity of gametophytes of these three species of
Fig. 3. Riella purpureospora. (A, B) general habit of female andmale plants, respectively; (C, D) vegetative scale; (E) detail of cells frommargin of thallus wing; (F) female involucre; (G, H)
spores on distal and proximal views, respectively; (I) spines of distal face of spores; (J) marginal webbing of equatorial spines on proximal view. Vouchers: A F, Ojeda s.n. sub VAL-Briof.
9344 (VAL); G, J, I, Garside, sub Krypto-S B177488 (S); and H, Stephens s.n. sub. comp. cat. 1631 (MANCH).
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especially, if few individuals were inspected for spore morphology
thus assuming a monospeciﬁc population at the time of sampling.
Possibly this could have caused the only detection of themost abundant
R. purpureospora by Harding et al. (2000).
As noted in this and in other studies, several species can grow
together in the same pond (Cirujano et al., 1988; Segarra-Moragues
et al., 2014), and therefore a detailed scrutiny of the populations is
required.
4.2. Conservation issues
The species of Riella have been considered to be of global conserva-
tion concern, largely because of their presumed rarity. The ephemeralnature of the species, the often considerable ﬂuctuations in the sizes
of the populations and their somewhat unpredictable appearance due
to a dependence on strict ecological conditions for germination and
how development (Studhalter, 1933; Grifﬁn, 1961; Proctor, 1972),
have all contributed to this presumption. In addition to the uncertain
appearance of the plants and their variable populations, many suitable
places have not been systematically sampled in South Africa, sug-
gesting that population and species occurrences may have been
underestimated. This is supported in the present study, which has
shown that even widespread species such as R. trigonospora have
been overlooked during decades of studying South African Riella
(Wigglesworth, 1937; Proskauer, 1955; Arnell, 1957; Harding et al.,
2000; Perold, 2000; Segarra-Moragues et al., 2012b). Thus, the status
(rarity) of the species in South Africa remains uncertain, and because
Fig. 4.Habitat and habit of Riella purpureospora andR. trigonospora. (A) Habitat at Blouvlei (Century City). (B–D)R. purpureospora fromBlouvlei; (B)male plant; (C) female plant; (D) detail
of culture of sediments showing one month old plants; (E–J) Riella trigonospora from Soutpan (Cape Agulhas); (E) sporeling. (F) male plant; (G) female plant; (H) habitat at Soutpan;
(I) vegetative scale; (J) detail of cells from wing of thallus.
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time being to assign a conservation status to these species. Both
R. alatospora and R. purpureospora have been assigned to the IUCN
threat category Data Deﬁcient (DD) in current red lists (Cholo and
Foden, 2010a,b), and R. trigonospora should also be placed in this cat-
egory. This also applies for the other two Southern Africa endemics,
R. capensis and R. echinospora which have been reported only once
after their description (Cavers, 1903; Wigglesworth, 1937; Arnell,
1957; Coetzer, 1987), and lack of recent reports. Similarly, the single
South African report for the old world R. afﬁnis, has not been con-
ﬁrmed since Proskauer (1955), despite the efforts made by Perold
(2000) to relocate the population.
It is promising that even in the Cape Town area,where intense urban
transformation has dramatically altered the natural landscape (Rebelo
et al., 2011), there are still important reservoir areas such as Blouvlei
in which species of Riella can persist. Wetland habitat management,
such as that carried out at Blouvlei (Harding et al., 2000), can provide
an “umbrella” for conservation of undetected populations of Riella.
However, a continuity of populations can only be ensured if their partic-
ular biological requirements of water quality and seasonal hydroperiod
are taken into account in habitat restoration and its management.
4.3. Morphological afﬁnities of Riella trigonospora to extant Riellaceae
Of the six species of Riella currently known in South Africa,
R. alatospora, R. capensis, R. purpureospora and R. trigonospora constitutea biogeographically and morphologically deﬁned group. First, they are
all endemic to South Africa and second, a unique set of synapomorphic
traits support their close morphological and presumably, evolutionary
relationships. Their gametophytes are characterised by profuse
branching, producing plants with shrubby habits (Figs. 3A–B, 4B–C,
F, 6A–B), and by the absence of propaguliferous scales (Cavers,
1903; Wigglesworth, 1937; Perold, 2000; Segarra-Moragues et al.,
2012b). Other species are generally dichotomously branched only
at the base and produce abundant propaguliferous scales, similar to
the South African endemic R. echinospora (Perold, 2000), and to
R. afﬁnis (Segarra-Moragues et al., 2012a). Propaguliferous scales
allow for a rapid clonal spread of individuals within populations
when favourable climatic conditions permit the ponds to remain
ﬂooded for longer periods, thus potentially increasing spore produc-
tion within populations. The absence of such propaguliferous scales
makes populations of these species more sensitive to climatic chang-
es that would affect water regimes, since ﬁnal spore production
relies only on spore-originated individuals.
Regarding spore morphology, all these four species (R. alatospora,
R. capensis, R. purpureospora and R. trigonospora) have spores that are
ﬂattened on their polar axis (Wigglesworth, 1937; Perold, 2000;
Segarra-Moragues et al., 2012b and this study), whereas the other South
African species have globose or subglobose spores (Segarra-Moragues
et al., 2012a, 2014). Purple-red spore colour suggests a close relationship
between R. purpureospora and R. trigonospora, the only two species in the
genus with such coloured spores (Fig. 1G, J, I, L). On the other hand, the
Fig. 5.Map showing the known distribution of Riella alatospora (A), R. purepureospora (B) and R. trigonospora (C); stars indicate populations found or conﬁrmed from culture of sediments, black circles indicate historical records older than 1955.
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Fig. 6. Riella trigonospora. (A, B) general habit of male and female plants, respectively; (C, D) vegetative scales; (E) detail of cells frommargin of thallus wing; (F) female involucre; (G, H)
spores on distal and proximal views, respectively; (I) detail of spore angle at distal face. Vouchers: A–I, Ojeda s.n. sub 9994 (VAL).
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indicates amorphological afﬁnity to R. alatospora (Figs. 1H, K, I, L, 2E, H, F,
I). However, the wing of R. alatospora differs from that of R. trigonospora
in that it completely encircles the spore body (Figs. 1H, K, 2E) and is cov-
ered in spines (Figs. 1H, 2B, H), whereas that of R. trigonospora is irregular
(Fig. 2C) and has spines only at the expanded edges (Fig. 2I). Similarly,
the marginal wing-like webbing of the spores of R. purpureospora is to
be considered of different origin as it is formed by the basal membranes
joining the spines of the equatorial plane (Fig. 2D, G, M).
The clearly triangular spore body of R. trigonospora with concave
sides (Figs. 1I, L, 2C, F, 6G–H) is unique among extant species of Riella.
Other species, such as the South African R. alatospora (Figs. 1H, K, 2B,
E) and R. purpureospora (Figs. 1G, J, 2A, D, 3G, H), the Californian Riella
heliospora Segarra-Moragues, Puche & Sabovljević (Segarra-Moragues
et al., 2012a) and the Mediterranean Riella echinata (Müller) Segarra-Moragues, Puche & Sabovljević (Segarra-Moragues et al., 2014), also
have triangular spore outlines but in these species, the spore sides are
straight or convex.
This peculiar morphology of the spores of R. trigonospora should not
be judged on the basis of an abnormal spore development during
culture because on the following reasons: 1. Culture of spores from
sediments has not been shown to alter the morphology of the resulting
plants. As shown in previous studies, the species obtained from
cultures of sediments retained their original gametophyte and spore
morphological traits (Segarra-Moragues et al., 2012a, b; Puche and
Segarra-Moragues, 2013; Martinez et al., 2014). Here we further
conﬁrm this in cultures of R. alatospora and R. purpureospora which
also retained their morphological attributes. Thus, an effect of the
culture on the spore morphology of R. trigonospora is to be discarded.
2. The unique spore traits of R. trigonospora have been obtained from
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being geographically separate from the main population core in Cape
Agulhas area by more than 150 km. 3. The spores obtained from
cultured plants were fully viable and were able to germinate after
desiccation (Fig. 4E).
4.4. Morphological afﬁnities of Riella trigonospora to fossil Riellaceae
No further morphological afﬁnities to extant Riellaceae could be
hypothesised, based on the unique spore characters of R. trigonospora.
Unexpectedly, the spore morphology was found to be similar to that
of the spores of Heerisporites variabilis Hochuli & Groner, a fossil
sporomorph from upper Miocene sediments of Switzerland, and for
which Hochuli and Groner (1985) suggested a possible afﬁnity to
Riella. This possible relationship of H. variabilis to the Riellaceae was
supported by the similarity of its spores to those of extant Riella species,
in particular the heteropolar echinate ornamentation with truncate
spines that are joined by basal membranes, such as that observed in
R. purpureospora (Fig. 2A). Furthermore, the study of the palynomorph
community assemblage in which H. variabilis was found in greater
abundance, suggested a coastal, salt-marsh vegetation, a type of habitat
that is occupied by some of the extant Riellaceae (Banwell, 1951;
Segarra-Moragues et al., 2012b, 2014; Cargill andMilne, 2013;Martinez
et al., 2014). Nonetheless, a number of differences to extant Riellawere
also highlighted in the spores of H. variabilis. These included the
triangular outline of the spores with concave sides, and the ornamenta-
tion processes expanding at the spore angles (see Plates 1 and 4 in
Hochuli and Groner, 1985). Such differences in the spore architecture
between H. variabilis and Riella are now bridged by the discovery of
R. trigonospora. While differing in the shape of distal spines, the
triangular spore outline with concave sides, and the ornamentation
elements expanding at the spore angles are more similar between
H. variabilis and R. trigonospora than between the latter and any other
extant species of Riella. Unfortunately, there are no gametophyte fossil
remains of H. variabilis that could serve to interpret its gametophytic
morphological structure and deﬁnitely assign it to Riella. The fact that
H. variabiliswas found in SwissMiocene sediments suggests unexpected
links between Mediterranean and South African Riellaceae, which
should be explored further using phylogenetic analyses.
5. Taxonomy
5.1. Taxonomic key to the species of Riella in South Africa
1a. Plants monoicous; female involucres winged….…………….R. afﬁnis
1b. Plants dioicous; female involucres smooth or papillose….…………2.
2a. Spores red, crimson or dark purple….…………….…………….……3.
2b. Spores yellowish brown to orange….…………….…………….…….4.
3a. Involucre smooth, shortly apiculate; spores with straight or convex
sides, with ornamentation processes not expanding at edges; distal
face reticulate; distal spines longer than wide, exceeding 7 μm in
length; basal membranes producing a wing-like marginal webbing
at equatorial row of spines ………………………….R. purpureospora
3b. Involucre papillose, acuminate to long apiculate; spores with
concave sides, with ornamentation processes expanding at edges;
distal face not reticulate; distal spines as long as wide, up to 7 μm;
irregular wing sometimes present at equatorial plane but not
produced by joining of basal membranes.…….........….R. trigonospora
4a. Spores with a continuous, broad marginal wing…......….R. alatospora
4b. Spores not winged, marginal webbing present or not……..…..….5.
5a. Spores round in outline, densely spinose, distal spines cylindrical,
blunt or truncate, marginal webbing absent, proximal face spinose,
triradiate mark indistinct…………………………..……R. echinospora
5b. Spores triangular in outline, laxly spinose, distal spines conical, acute,
marginal webbing present, proximal face granulose–papillose,
triradiate mark conspicuous…………………………………R. capensis5.2. Riella alatospora
Wigglesworth in J. Linn. Soc., Bot., 51: 317 (1937). Type: South Africa.
Western Cape, Cape Town (3318): ‘vlei at Salt River between main road
and railway line’ (–CD), 1932, E. L. Stephens s.n. (CC 1627 MANCH,
lecto.!; BOL, isolecto., designated by Segarra-Moragues et al., 2012b).
For detailed description and illustration of this species see Segarra-
Moragues et al. (2012b) and Perold (2000). See also Figs. 1B, E, H,
K,2B, E, H, K, N and 5 in this paper.
5.2.1. Diagnostic characters
R. alatospora is characterised by its ellipsoid, apiculate female
involucres (Fig. 1B, E) and is immediately recognised by its orange,
winged spores (Figs. 1H, K, 2B, E). R. trigonospora has also an equatorial
wing (Fig. 2C), but in this species the wing is discontinuous and devoid
of spines except at spore angles (Fig. 2I) and differs radically in its purple
colour (Fig. 1I, L) compared to the orange one in R. alatospora.
5.2.2. Habitat and distribution
R. alatospora grows in ephemeral vleis and salt pans together with
species of Characeae, Zannichelliaceae and Riellaceae. Presumably
extinct from its type locality at Salt River (Cape Town area), but newly
discovered at Blouvlei, Century City (Fig. 4A), and in two salt pans in
Cape Agulhas area (Figs. 4H, 5A).
5.2.3. Additional specimens examined
South Africa. Western Cape. 3318 (Cape Town): Blouvlei, Century
City (–DC), 16 m.a.s.l., cultured in the laboratory from mud collected
19 Jun 2012 and culture dried 26 Apr 2013, F. Ojeda, sub VAL-Briof.
9331 (VAL). Blouvlei, Century City (–DC), 16 m.a.s.l., cultured in
the laboratory from mud collected 19 Jun 2012, culture dried 31 Jul
2013, F. Ojeda, sub VAL-Briof. 9993 (VAL). 3419 (Caledon): Spring-
ﬁeld, near Cape Agulhas, on a salt pan (–DD), 19 m.a.s.l., 24 Feb
2010, J.G. Segarra-Moragues s.n. sub VAL-Briof. 9196 (VAL). Spring-
ﬁeld, near Cape Agulhas, on a salt pan (–DD), 19 m.a.s.l., cultured
in the laboratory from mud collected 11 Jun 2012 and culture dried
18 Jul 2013, F. Ojeda s.n. sub VAL-Briof. 10155 (VAL). Springﬁeld,
near Cape Agulhas, Soutpan, on a salt pan, (–DD), 13 m.a.s.l., cul-
tured in the laboratory from mud collected 11 Jun 2012 and culture
dried 18 Jul 2013, F. Ojeda s.n. sub VAL-Briof. 9992 (VAL).
5.3. Riella purpureospora
Wigglesworth in J. Linn. Soc., Bot. 51: 312 (1937). Type: South Africa.
Western Cape: prope Cape Town, E.L. Stephens, atque usu sporarum illae
originis coluit G. Wigglesworth (CC 1626 MANCH, lecto.!; BOL, isolecto.,
here designated).
Plants 14–23 mm tall, erect, caespitose, usually bifurcate from the
base and 2- or 3-branched above, becoming shrubby, rarely un-
branched. Thallus apex falciform. Axis slightly ﬂattened, 0.2–0.4 mm
wide. Dorsal wing 2.0–2.4 mmwide, undulate, margin entire, marginal
cells quadrate or shortly rectangular, the ﬁrst 1–2 rows of cells
hyaline, 18–30 × 13–27 μm; cells frommiddle part of wing polygonal
31–54 × 23–32 μm; cells from wing near axis rectangular or
hexagonal 80–141 × 29–50 μm; oil cells 17–26 × 17–24 μm, oil
bodies 12–20 × 14–21 μm, spherical or ovoid, opaque, smooth to gran-
ulose. Vegetative scales lanceolate-triangular, 0.6–0.9 × 0.4–0.7mm, ar-
ranged in two irregular lateral rows, opposite in younger parts of
thallus. Propaguliferous scales absent. Dioicous; male plants equal in
size to female plants or larger. Antheridia numerous, continuous, in
a single linear series in pockets along thickened wing margin or in
discontinuous groups of 5 to 65, rarely solitary; antheridial body
220–360 × 110–190 μm. Archegonia on axis, produced in acropetal
sequence. Archegonial involucre sessile to shortly pedunculate, globose,
spherical to ovoid-apiculate, 1.9–3.1 × 1.4–1.9 mm, smooth; mouth of
involucre with apical pore not occluded. Sporophyte with seta up to
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purple. Spores 93–138 × 90–130 μm including spines, crimson red to
purple red, triangular, not winged; distal face covered with 10 to 14
irregular rows of spines across and 22 to 28 projecting spines at periph-
ery at the equatorial plane; spines (7–) 12 (–20) μm long (4–) 5 (–8) μm
wide, apices truncate, and some dilated; distance between distal spines
(4–) 8 (–12) μm;basalmembranes interconnecting spines on distal face
prominent, (0.5) 2 (–5) μmhigh, forming an almost perfect reticulation;
basal membranes at the equatorial row joining spines forming wing-
like marginal webbing, (4–) 8 (–10) μm high; proximal face spinose,
with smooth surface; spines of proximal face shorter than those of distal
face, (4–) 5 (–7) μm long (2–) 3 μmwide, scattered, distance between
proximal spines (4–) 7 (–12) μm, with acute or truncate papillose or
smooth apices; some joined by basal membranes and forming an
imperfect reticulum; proximal spines sometimes clustered or denser
towards spore angles, following the lines of the triradiate mark. Fig. 3.
5.3.1. Diagnostic characters
Plants of R. purpureospora can be distinguished form other Southern
African Riella by their globose, spherical involucres which are abruptly
narrowed to a short apiculum (Fig. 1A, D). The purple colour of its
spores is only shared with R. trigonospora however, both species differ
considerably in their spore outlines (Fig. 1G, J, I, L). Furthermore,
the reticulate distal spore face, with long truncate spines and the
presencesof an equatorial row of spines joined by basal membranes
of R. purpureospora will distinguish it from R. trigonospora (Fig. 2A,
D, G, J, M).
5.3.2. Habitat and distribution
R. purpureospora grows in ephemeral vleis and salt pans together
with species of Characeae, Zannichelliaceae and Riellaceae. Its area of
distribution seems restricted to Cape Flats area where few collections
have been made since its description. The only recent collection
(Harding et al., 2000) corresponds to Blouvlei (Century City) where
the plant was discovered after habitat restoration activities. Its current
presence at Blouvlei is conﬁrmed here after the culture of sediments
(Fig. 4A, D; B).
5.3.3. Additional specimens examined
South Africa. Western Cape. 3318 (Cape Town): Cape Town,
Blouvlei, Century City (–DC), 16 m.a.s.l., cultured in the laboratory
from mud collected 19 Jun 2012 and culture dried 18 Apr 2013,
F. Ojeda, sub VAL-Briof. 9991 (VAL). Cape Town, Blouvlei, Century City
(–DC), 16 m.a.s.l., cultured in the laboratory from mud collected 19
Jun 2012, culture dried 24 Apr 2013, F. Ojeda, sub VAL-Briof. 9344
(VAL); Cape Flats, Klippfontein, the Riella vlei (–DC), 2 Nov 1954,
S. Garside, sub Krypto-S B177488 (S); 3418 (Mitchells Plain): Cape
Town, Isoetes-vlei on Lansdowne road (–BA), 26 Oct 1960, B. J. Cholnoky,
sub Krypto-S B177489 (S); hollows beside Strandfontein road, near
junction with Lansdowne road (–BA), soil taken 24 Apr 1931, E.L. Ste-
phens, cultured in the laboratory, started 6 May 1931, dried Dec 1931,
sub comp. cat. 1626 (MANCH); Strandfontein road (–BA), cultured sum-
mer 1934, 8 Aug 1934, sub comp. cat. 1625 (MANCH); grown in Herb.
aquarium from dried spores of previous year plants, 2 June 1934, sub
comp. cat. 1613 (MANCH). Precise locality not indicated: cultured
from mud from Cape Town, Feb 1932, incl. picture of plants fromM.A.
Pocock sub R. capensis, sub comp. cat. 1614 (MANCH); Cultured from
South African (Cape Flats) mud, 1929, sub comp. cat. 1615 (MANCH);
Cultured in herb. Tank originated from mud from vlei, Feb 1932, sub
comp. cat. 1616 (MANCH); dried spring 1936, sub comp. cat. 1617
(MANCH); cultured, Aug 1929, sub comp. cat. 1618 (MANCH); dried
1939, sub comp. cat. 1619 (MANCH); taken from jar that had dried up,
Sept 1937, sub comp. cat. 1620 (MANCH); cultured on mud, 23 Mar
1938, sub comp. cat. 1621 (MANCH); sub comp. cat. 1622 (MANCH);
herb. 1935, sub comp. cat. 1623 (MANCH); cultured in Herbarium, Jun
1935, sub comp. cat. 1624 (MANCH); from tanks, Aug 1936, sub comp.cat. 1631 (MANCH); spores dried summer 1939, sub comp. cat. 1636
(MANCH).5.4. Riella trigonospora Segarra-Moragues & Puche sp. nov.
Type: South Africa. Western Cape. Caledon (3419): Springﬁeld, near
Cape Agulhas, Soutpan, on a salt pan (–DD), 13 m.a.s.l., cultured in the
laboratory from mud collected 11 Jun 2012 and culture dried 23 Jul
2013, F. Ojeda s.n. sub VAL-Briof. 9994 (VAL, holo.! BOL, iso!).
Plants 15–34 mm tall, erect, caespitose, generally bifurcate from the
base and 2–3-branched above, becoming shrubby, rarely unbranched.
Thallus apex falciform. Axis slightly ﬂattened, 0.2–0.4 mmwide. Dorsal
wing 1.5–2.8 mm wide, undulate, margin entire, marginal cells quad-
rate or shortly rectangular; the ﬁrst 1–2 rows of cells hyaline or with
fewer chloroplasts, 19–45 × 19–38 μm; cells from middle part of wing
polygonal 64–95 × 28–55 μm; cells from wing near axis rectangular or
hexagonal 101–177 × 32–68 μm; oil cells 16–34 × 14–30 μm; oil bodies
13–21 × 12–30 μm, spherical or ovoid, opaque, smooth to granulose.
Vegetative scales lanceolate-triangular 0.5–1.1 × 0.3–0.8 mm, gener-
ally arranged in two lateral rows, opposite. Propaguliferous scales
absent. Dioicous; male plants equal in size to female plants or small-
er. Antheridia solitary or consecutive in groups of 4 to 60, in a single
linear series in pockets along thickened wing margin; antheridial
body 190–340 × 110–170 μm. Archegonia on axis, produced in
acropetal sequence. Archegonial involucre sessile, ovoid, with
acuminate to rostrate apex, 1.7–2.2 × 0.9–1.3 mm, cells from wall
bulging, papillose, papillae 1–3 cells high; mouth of involucre with
apical pore not occluded. Sporophyte with seta up to 0.5 mm.
Capsule globose, 0.7–1.1 mm in diameter, capsule wall purple.
Spores 122–138 × 117–137 μm including spines, dark purple,
tetrahedral, triangular in outline with concave sides and expanded
at angles of triangle, irregularly winged; distal face covered with 14
to 16 irregular rows of spines across; distal spines not projecting at
periphery except at angles, (4–) 5 (–7) μm long, (7–) 8 (–9) μm
wide; apices round, blunt; basal membranes interconnecting spines
absent; wing irregular, (4–) 23 (–37) μm wide, furrowed, devoid of
spines except at spore angles, papillose; proximal face concave,
granulose–papillose; spines inconspicuous, 1 μm long or shorter,
clustered at spore angles; triradiate mark produced by joining of
proximal spines and more evident towards spore angles. Fig. 6.5.4.1. Diagnostic characters
R. trigonospora is unlikely to be confused with any other species of
Riella. The acuminate, papillose involucre is unique among South
African species of Riella as in R. capensis and R. echinospora, which
also have acuminate involucres, these are smooth (Perold, 2000).
R. alatospora (Fig. 1B, E) and R. purpureospora (Fig. 1A, D), that corre-
spond to the same morphological group of R. trigonospora, have
conspicuously different involucres. Concerning spore morphology,
the purple colour of the spores of R. trigonospora (Fig. 1I, L) will
only suggest an afﬁnity to R. purpureospora (Fig. 1G, J) as no other
species worldwide have purple spores however, the triangular
spore outline with concave sides, the absence of a reticulate distal
face which is covered by short, blunt spines (Figs. 1I, L, 2C, F, L) will
immediately distinguish it from R. purpureospora (Figs. 1G, J, 2A, D, J).5.4.2. Habitat and distribution
R. trigonospora has been found in sediments from all four sampled
vleis in Cape Agulhas area and in Blouvlei (Century City, Cape Town
area), suggesting a greater abundance compared to R. alatospora
and R. trigonospora. It grows together with species of Characeae,
Zannichelliaceae and Riellaceae in ephemeral vleis and salt pans
(Figs. 4A, H, 5C).
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South Africa. Western Cape. 3318 (Cape Town): Blouvlei, Century
City (–DC), 19 m.a.s.l., cultured in the laboratory from mud collected
19 Jun 2012 and culture dried 31 Jul 2013, F. Ojeda, sub VAL-Briof.
9996 (VAL). 3419 (Caledon): Springﬁeld, near Cape Agulhas, Soutpan,
on a salt pan, (–DD), 13 m.a.s.l., cultured in the laboratory from mud
collected 11 Jun 2012 and culture dried 17–19 Jul 2013, F. Ojeda s.n.
sub VAL-Briof. 9964 (VAL). Springﬁeld, near Cape Agulhas, Soutpan,
on a salt pan, (–DD), 13 m.a.s.l., cultured in the laboratory from mud
collected 11 Jun 2012, culture dried 2 Aug 2013, F. Ojeda s.n. sub VAL-
Briof. 9985 (VAL). Springﬁeld, near Cape Agulhas, Soutpan, on a salt
pan, (–DD), 13 m.a.s.l., cultured in the laboratory from mud collected
11 Jun 2012, culture dried 27 Sept 2013, F. Ojeda s.n. sub VAL-Briof.
9979 (VAL). Springﬁeld, near Cape Agulhas, on a salt pan, (–DD),
21 m.a.s.l., cultured in the laboratory from mud collected 11 Jun
2012 and culture dried 23 Jul 2013, F. Ojeda s.n. sub VAL-Briof.
9995 (VAL). Springﬁeld, near Cape Agulhas, on a salt pan, (–DD),
19 m.a.s.l., 24 Feb 2010 and culture dried 02 Aug 2013, J.G. Segarra-
Moragues s.n. sub VAL-Briof. 9997 (VAL). Springﬁeld, near Cape
Agulhas, on a salt pan, (–DD), 7 m.a.s.l., cultured in the laboratory
from mud collected 11 Jun 2012 and culture dried 4 Aug 2013,
F. Ojeda s.n. sub VAL-Briof. 9998 (VAL).
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